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ON A POSSIBLE MECHANISM
OF THE PRODUCTION OF PENTAQUARK STATES Θ(uds¯ud)
S. P. Baranov
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s, Mosow 119991
A new mehanism of the prodution of hypothetial Θ(uds¯ud)+
pentaquark state is suggested. The onsidered mehanism is based
on the exhange by exoti Regge trajetories in the t hannel. It is
shown that the momentum distributions of Θ+ baryons an dier
signiantly from the ones of the ordinary hyperons.
Data in favor of the disovery of pentaquark states, and, in partiular,
states of the (uds¯ud) quark omposition [1℄ are yet disputable and
not generally aknowledged. The question on the harater of kinemati
distributions for these exoti baryons remains of the urgent interest nowadays.
Comparing results of the searh for pentaquark states, whih are obtained
in dierent experiments, we should allow for the fat that the expeted
signal an orrespond to dierent aeptane onditions of the experimental
arrangements.
The expeted harateristis of the pentaquark prodution are usually
onsidered to be similar to those of the Λ(1520) hyperon beause they both are
baryons and arry the strangeness. This analogy is true for the kaon-exhange
mehanism analyzed in [2℄. However, this mehanism is, generally speaking,
may not be the only mehanism ontributing to the pentaquark prodution,
although it is neessary by virtue of the existene of the ΘpK interation
vertex responsible for the pentaquark deay. In the given ase, this mehanism
an even be not the dominant one.
In order to assemble the Θ+ pentaquark from a proton and a kaon, a rather
ompliated rearrangement of olor uxes is required. This ompliation, in
a ertain extent, explains the low probability of the inverse proess, i.e., the
small width of the deay Θ+ → pK¯0. On the other hand, if we rejet the
ondition of the indispensable use of all quarks from the inoming proton
(and restrit our onsideration only to one quark or diquark), then the olor
struture of the interation is essentially simplied. However, in this ase, we
2èñ. 1: Graphial method illustrating the derivation of the relationship
αΘ = 2αN + αΛ − 2αR.
have to additionally pik up the missing quarks from the t hannel. Hene, the
interation must be mediated by not a single kaon but a multiquark omplex.
In the framework of the initial assumption that the exoti states do exist,
the hypothesis that interations also an be mediated by exoti hadrons seems
to be quite natural. Assuming the parameters of the orresponding Regge
trajetories to be known, we an alulate both the energy dependene of
the interation ross setion and the kinemati distributions of the produed
partiles. The absolute normalization of the ross setion remains unertain,
sine the interation onstants of exoti hadrons are unknown.
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In order to nd
the relevant parameters of exoti trajetories, one an employ the hypothesis
of the interept additivity with respet to the quark omposition. Aording to
this hypothesis, every addition or subtration of a quark shifts the trajetory
by the same value. The appliation of this hypothesis is illustrated in Fig. 1.
By adding and subtrating two quark-antiquark pairs, the pentaquark state is
redued to a set of two nuleons, one hyperon, and two mesons. Hene follows
the relationship between the interept of the exoti trajetory and the interepts
of the known non-exoti trajetories: αΘ = 2αN +αΛ− 2αR. Thus, we manage
to establish the funtional form of the fragmentation funtions for quarks and
diquarks.
The alulations were arried out within the formulism of the QuarkGluon
String model [3  10℄. For the sake of onveniene, we here present the short
list of the relevant formulas without repeating their derivations. The inlusive
dierential prodution ross setion for a hadron of the type h an be written
in the form
dσh
dpTxdpTz dy
= σDDϕ
h
DD +
∞∑
n=1
σnϕ
h
n, (1)
where pTx and pTz are the transverse momentum omponents, y is the rapidity,
1
The ΘpK interation vertex in the kaon exhange mehanism is onsidered to be known sine it an be
extrated from the Θ+ → pK¯0 deay width.
3and σDD is the ontribution of the diration dissoiation (not taken into
aount in the present study). The summation over n orresponds to the
ontributions of the n-Pomerons ongurations in the exhange hannel. The
orresponding ross setions σn have been alulated in [4℄. The funtions ϕn
desribe the fragmentation of olor strings into hadrons:
ϕhn = a
h [F hval(x+, n)F
h
val(x−, n) + F
h
val(x+, n)F
h
val(x−, n) +
+(n− 1)[F hsea(x+, n)F hsea(x−, n) + F hsea(x+, n)F hsea(x−, n)]]. (2)
Here, x± = 12[(x
2
⊥ + x
2
F )
1/2 ± xF ], x⊥ = 2mh⊥/
√
s, x+x− = (mh⊥)
2/s,
x+ − x− = xF .
Eah term in expression (2) orresponds to an individual olor string strethed
between valene or sea partons of the interating hadrons. The ontribution of
eah of the strings is represented in the form of the produt of two independent
funtions Fi(x+) and Fi(x−) orresponding to end partons of the given string.
In turn, the funtions F (x±) are alulated as the onvolution of parton
distribution funtion fi(x, n), parton fragmentation funtion D
h
i (x±/x
′, pT ),
and the weight funtion T (xF/x
′, pT , n) modelling the transverse momentum:
F h(x±, n) =
∑
i
∫ 1
x±
fi(x
′, n)Dhi (x±/x
′, pT ) T (xF/x′, pT , n) dx′. (3)
As in the usual parton model, the distribution funtion determines the
probability to nd in the original hadron a parton of the type i arrying
the longitudinal momentum fration x, while the fragmentation funtion
determines the probability of transforming the given parton into the hadron h
of the nal state.
In the ase of the Θ(uds¯ud)+-pentaquark prodution whih we are interested
in, the alulations were performed as for a usual baryon, e.g., the harmed
Λ+c hyperon where the harmed quark is substituted with the (s¯ud) triquark
omplex. In this ase, in aordane with the above onsiderations related to the
interepts of exoti trajetories, the quark and diquark fragmentation funtions
take the form
Dq→Θ+X(z, pT ) = c1 (1− z)αR−2αΘ+λ, (4)
Dqq→Θ+X(z, pT ) = c2 (1− z)−αQ+λ. (5)
Here, αΘ = 2αN + αΛ − 2αR and αQ = 2(αN + αΛ) − 3αR, where αN , αΛ,
and αR are the interepts of the nuleon, hyperon and ρ-meson trajetories,
4èñ. 2: Kinemati distributions of Θ+ pentaquarks produed in pp ollisions at
√
s = 12
GeV over (a) the Feynman variable xF ; (b) the transverse momentum pT ; () the rapidity
y; and (d) the osine os(θ) of the pentaquark emission angle (θ) in the pp enter-of-mass
system. Dotted and dashed urves orrespond to the ontribution of the quark and diquark
fragmentation, respetively; solid urves represent the sum of all ontributions.
λ = 2α′Rp
2
T , and α
′
R = 1 GeV
−2
is the slope of the Reggeon trajetory. The
normalization oeients c1 and c2 are not determined in the theory and remain
to be free parameters. The full list of parton distribution funtions and parton
fragmentation funtions for non-exoti states an be found in [9, 10℄. The
alulations were performed using the Fortran ode HIPPOPO desribed in
detail in [11℄.
In Fig. 2, preditions are shown for the Θ+-pentaquark momentum
distributions as funtions of the Feynman variable xF , transverse momentum
pT , rapidity y, and the osine cos(θ) of the emission angle θ in the olliding
protons enter-of-mass system at the total initial energy
√
s = 12 GeV. The
relation between the oeients c1 and c2 responsible for the quark and diquark
fragmentation ontributions was taken to be c1:c2 = 1:10, i.e., approximately
the same as it had been obtained from the data related to the prodution
of ordinary baryons. The exhange by a heavier Regge trajetory results in an
essential shift of the Θ+-pentaquark spetrum ompared to both the Λ hyperon
spetrum and the preditions of the kaon exhange model [2℄. In the latter
ase, the maximum of the momentum distribution lies in the region xF ≃ 0.85.
With the inrease in the beam energy, the spetrum displaes to the region
5of lower xF values. This is the onsequene of just the kinematis (translating
the Lorentz-invariant ross setion dσ/dy into the noninvariant ross setion
dσ/dxF ).
Thus, we an see that using the hypothesis on the exhange by exoti
heavy trajetories leads to a signiant variation in the shape of momentum
distribution for the state being onsidered. This fat should be taken
unto aount in the analysis of experimental data. Whether our predition
orrespond to the truth, is the question that should be solved in the future
together with the onrmation of the very existene of pentaquark baryons.
The author is grateful to P. F. Ermolov for initiating interest in the study.
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